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The Pacific Islands Fisheries Science Center conducted a climate change vulnerability assessment for six
species groups in the Pacific Islands region (Giddens et al. unpublished). This data report summarizes the
following assessments of each species in the pelagic species group: overall climate vulnerability rank
(certainty determined by bootstrap following Hare et al. 2016), climate exposure, biological sensitivity,

distributional vulnerability rank, data quality, climate effects on abundance and distribution, and life
history (see Morrison et al. 2015 for further details).

Biological sensitivity and climate exposure were evaluated and scored by experts for each species.
Biological sensitivity is representative of a species’ capacity to respond to environmental changes in
reference to a biological attribute. The Pelagic Species Narrative is accompanied by the Pelagic Species
Profile, which provides further information on each biological sensitivity attribute for each species. The
Pelagic Species Profile was used to help experts evaluate biological sensitivity. Experts were also
encouraged to use their own expertise and knowledge when evaluating. Climate exposure is defined as
the degree to which a species may experience a detrimental change in a physical variable as result of
climate change. The inclusion of climate exposure variables followed 4 guidelines: 1) the variables are
deemed to be ecologically meaningful for the species and geography in question, 2) the variables should
be available on the NOAA ESRL Climate Change Data Portal for consistency across different CVAs, 3) the
variables are available in the temporal and spatial domains suitable for inclusion, and 4) the quality of
the modeled product was judged to be adequate for inclusion. By following these guidelines, the
exposure scoring was therefore a quantitative exercise, in that future values could be compared to
historical values while incorporating observed patterns of natural variability. This allowed determination
of likely severity of future changes in exposure on a species- and area-specific basis for each exposure
variable. Scoring for biological sensitivity and climate exposure is based on scale from 1-4 (Low,
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Moderate, High, Very High) and scoring for data quality is ranked from 0-3 (No Data, Expert Judgement,
Limited Data, Adequate Data). A high score for biological sensitivity and climate exposure indicates
greater vulnerability. Expert Score Plots show the variation in expert scoring (5 experts per species).
Scoring was completed in 2018. The mean score for each sensitivity attribute or exposure variable was
calculated and a logic model was used to determine the component score for biological sensitivity and
climate exposure. For example, if there are 3 or more attributes with a mean 2 3.5, the sensitivity or
exposure component score would be a 4 (Very High). Please see Morrison et al. 2015 for remaining logic

model’s criteria. Overall climate vulnerability was determined by multiplying sensitivity and exposure
component scores and the possible range of these scores was between 1 and 16. The numerical values
for the climate vulnerability rank were the following: 1-3 (Low), 4—6 (Moderate), 8-9 (High), and 12-16
(Very High).

Hare JA, Morrison WE, Nelson MW, Stachura MM, Teeters EJ, Griffis RB, et al. 2016. A Vulnerability
Assessment of Fish and Invertebrates to Climate Change on the Northeast U.S. Continental Shelf. PLoS
One. 11: e0146756.
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Wahoo (Acanthocybium solandri)

Overall Climate Vulnerability Rank: [Moderate]. (78% certainty from bootstrap analysis).

Climate Exposure: [Very High]. Three exposure factors contributed to this score: Ocean Acidification
(4.0), Sea Surface Temperature (4.0), and Ocean Oxygen (4.0). Exposure to all three factors occurs
during all life stages.

Biological Sensitivity: [Low]. No sensitivity attributes scored above a 3.0. The highest scores were for
Early Life History and Settlement Requirements (2.0) and Sensitivity to Temperature (1.8).

Distributional Vulnerability Rank: [Very High]. Three attributes indicated very high vulnerability to
distribution shift: adult mobility, limited early life stage dispersal, and relatively high habitat
specialization.

Data Quality: 86% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distribution:

Acanthocybium solandri larvae and juveniles are typically found in tropical waters while adults tend to
have wider geographic distribution[1]. Adults are considered an oceanic, epipelagic species and are
found on average at depths of 20 m, although they can reach depths greater than 250 m [2]. Like other
pelagic fish, they may make vertical migrations throughout the day. A study monitoring four wahoo
showed that they tend to occur in shallower waters at night (approximately 30 m) and deeper waters
during the day (approximately 50 m) [3]. Another study, however, showed that wahoo were at very
similar depths (20 m) during the night and day [2]. Wahoo are exposed to temperatures ranging from 11
°C to 28 °C [2]. Wahoo are highly mobile as adults and occur in the Atlantic, Indian, and Pacific Oceans,
encompassing tropical and subtropical waters (46° N to 37° S, 180° W to 180° E). Additionally, they are
found in northern Baja to Loreto in the Gulf of California, northern Peru, and all of the oceanic islands.
They have been seen as far south as 45° S in the southern Atlantic [4]. Wahoo have high genetic
connectivity globally.

Adult wahoo are likely to be less sensitive to ocean acidification in regard to prey choice since they prey
upon animals that do not have calcium carbonate exoskeletons or shells. However, further research is
needed to fully understand the impact of ocean acidification on adult wahoo physiology [5,6]. Wahoo
larvae may be susceptible to ocean acidification, but more investigation is warranted to understand its
full effect on the species [7,8]. Increased sea surface temperatures and decreased oxygen availability
may affect their habitat [9]. Currently, there is no evidence of A. solandri being affected by fishing,
although local depletions may have occurred [4].

Life History Synopsis:

While adults are usually solitary, they will gather to spawn. Females are considered multiple batch
spawners, spawning every 2 to 6 days; as much as 20 to 60 times in one season[4,10-12]. Spawning
season lasts from at least the spring through autumn which indicates that temperature might be cue for
spawning [10-12]. Eggs are found in the pelagic and may drift with the prevailing currents. The
planktonic duration is not reported. The main predators of wahoo during their early life history are
sharks.
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Wahoo display different preferences in prey type at different sizes. In the Gulf of Mexico, smaller wahoo
(849-1,160 mm) had greater prey diversity than large wahoo and primarily preyed on exocoetids and
carangids [13]. Large wahoo (1,461-1,773 mm) primarily feed on C. cyrsos, C. hippurus, and scombrids
[13]. Wahoo are listed as Least Concern by the IUCN and are considered stable because of their rapid
growth rate and reproductive potential. Catch for wahoo has been increasing over the past two decades
[4,14]. Wahoo have a von Bertalanffy growth coefficient of 1.58 yr1[15]. They reach sexual maturity by
their first year and live for 5 to 6 years, maximum 9 years [4,10-10]. The generation length is
approximately 3 to 5 years.
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Mahimabhi - Coryphaena hippurus
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Mahimahi (Coryphaena hippurus)

Overall Climate Vulnerability Rank: [Moderate]. (87% certainty from bootstrap analysis).

Climate Exposure: [Very High]. Three exposure factors contributed to this score: Ocean Acidification
(4.0), Sea Surface Temperature (4.0), and Ocean Oxygen (4.0). Exposure to all three factors occurs
during all life stages.

Biological Sensitivity: [Low]. No sensitivity attributes scored above a 3.0. The highest scores were for
Dispersal of Early Life Stages (1.7) and Sensitivity to Temperature (1.8).

Distributional Vulnerability Rank: [Very High]. Three attributes indicated very high vulnerability to
distribution shift: adult mobility, limited early life stage dispersal, and relatively high habitat
specialization.

Data Quality: 93% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distribution:

Mahimahi, Coryphaena hippurus, are found in open waters as well as near coastal areas up to a depth
of 85 m. They are highly migratory and are considered so under Annex | of the 1982 Convention on the
Law of the Sea [1]. They reside in both tropical and temperate waters such as the Atlantic, Indian, and
Pacific Oceans as well as the Mediterranean Sea (47° N to 38° S, 180° W to 180° E). They are found in
temperatures ranging from 21 °C to 30 °C [1].

Adult mahimahi may be less sensitive to ocean acidification since they do not rely on calcium carbonate
or calcium carbonate-based prey [2]. However, more research is needed to understand the physiological
effects of ocean acidification on adult mahimahi [3,4]. Larval mahimahi may be susceptible to ocean
acidification, exemplified by impaired larval swimming and hearing ability [5,6]. Increased sea surface
temperatures and reduced oxygen availability may affect their habitat [7]. Other environmental
stressors for mahimahi are not reported.

Mahimahi are harvested throughout their range. While they can be locally abundant, there were cases
of localized overexploitation [8,9]. Overall, there is no indication that there is a significant population
decline. Accordingly, mahimabhi are listed as Least Concern by the IUCN [1]. Stocks may be differentiated
by using sagittal otoliths or morphological characteristics [10,11].

Life History Synopsis:

Spawning occurs in open waters at temperatures greater than 21 °C [1]. In temperate areas, spawning
typically occurs from spring to mid-summer. However, in tropical areas, spawning occurs year-round. In
waters above 24 °C, larvae are found all year with many detected in the spring and fall. Within a
spawning period, batch spawning may occur two or more times. In the west central Atlantic, batch
fecundity is approximated at 58,000 to 1.5 million eggs and varies with size [12-14].

The larval duration and dispersal are not reported for this species. During early egg development, the
melanin pigment and yolk segmentation are not obvious. However, more developed eggs have
melanophores and segmented yolk. The food source from the egg is only available for a limited period
[15]. Mahimahi are preyed upon at all life stages [15].
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Mahimahi are active generalist predators, using high amounts of energy to capture prey in the
epipelagic regions. Their diet consists of smaller fishes, zooplankton, crustaceans, and squid [2]. As
larvae, mahimahi mostly consume crustaceans, in particular Copepoda [15].

The von Bertalanffy growth coefficient varies from 0.4 to 2.87 yr[14,16, 17]. Mahimahi reach maturity
at around 4 to 7 months [1]. They can reach a maximum age of 4 years, but it is frequently shorter (~2
years) [13,17,18]. Natural mortality is estimated from 0.6 to 0.8 yr[8, 19].
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Striped Marlin (Kajikia audax)

Overall Climate Vulnerability Rank: [High]. (59% certainty from bootstrap analysis).

Climate Exposure: [Very High]. Three exposure factors contributed to this score: Ocean Acidification
(4.0), Sea Surface Temperature (4.0), and Ocean Oxygen (4.0). Exposure to all three factors occurs
during all life stages.

Biological Sensitivity: [Moderate]. One sensitivity attribute scored above a 3.0 and that is Stock
Size/Status (3.2). The next highest score was for Population Growth Rate (2.6).

Distributional Vulnerability Rank: [Very High]. Three attributes indicated very high vulnerability to
distribution shift: adult mobility, limited early life stage dispersal, and relatively high habitat
specialization. However, sensitivity to temperature was scored as low which may mitigate the
propensity of the species to shift distribution.

Data Quality: 82% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distribution:

Kajikia audax are found in the Indian and Pacific Oceans. They are especially widely distributed in the
eastern and northern central Pacific. The central equatorial regions in the western and central Pacific
are not considered part of their distribution since there is low and intermittent hook rate. Early
longlining data also suggest high abundance in the central north and eastern Pacific and low abundance
in the south and western Pacific. Adults are abundant in the south and southwest Pacific during the
spring and summer. Striped marlins are typically in cooler water than black or blue marlins [1-3].
Juvenile K. audax are not commonly caught in the southwest Pacific Ocean. [4].

Adults are usually found above the thermocline [5]. According to transmitted temperature and depth
data, striped marlins spend 80% of their time in the mixed layer; 72% of that time is in the top 5 m, and
75% of their time in temperatures ranging from 20 °C to 24 °C [6]. Their lower depth limit is
approximately 300 m. Abundance increases farther away from the continental shelf. They are usually
spotted near the shore where deep drop-offs occur [5]. Striped marlins are highly migratory and listed as
such in the Annex | of the 1982 Convention on the Law of the Sea [7]. They are usually solitary but will
school (groups separated by size) during spawning season [1].

At least four genetically distinct stocks are reported in the Pacific. One of the genetic stocks
encompassed Hawai‘i, Japan, Taiwan, and California [8]. The other three genetic stocks were reported in
Australia, Mexico, and Ecuador [8]. Data from Brodziak and Piner [9] suggest that striped marlin
populations in the North Pacific (regions north of the equator) have declined by approximately 60% [1].
Striped marlins have globally declined approximately 20 to 25% over the past 16 years [1].

Adult striped marlins may be less sensitive to ocean acidification since they eat a variety of prey and are
not dependent on prey with a calcium carbonate shell. However, further research is needed to
understand the physiological consequences of ocean acidification on adult striped marlins [10,11].
Striped marlin larvae may also be susceptible to ocean acidification, but additional investigation is
necessary to fully understand their vulnerability [12,13]. Increased sea surface temperatures and
decreased oxygen availability could influence their habitat [14]. Additional increased warming may

12
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affect spawning since temperature may be a potential cue [5]. Other environmental stressors are not
reported.

Life History Synopsis:

Adults form small schools during spawning seasons that are segregated by size [1]; some spawning sites
are found between 10° S and 30° S in the southwest Pacific Ocean [5]. Females are indeterminate batch
spawners and develop oocyte asynchronously [15]. Larvae are typically most abundant during early
summers corresponding to the presence of mature females. Larvae can tolerate temperatures as low as
24 °Cin the Indian and Pacific Oceans [5]. Larvae drift for several weeks to months before they develop
into fry [2]; however, other early life stage information such as dispersal and food is not known.

Juveniles consume zooplankton while adults typically consume a variety of epipelagic organisms. Adult
striped marlins are considered carnivorous and nonselective feeders, consuming different types of
fishes, crustaceans, and squids. A dietary analysis of adults from the southern Gulf of California, Mexico,
found that they eat epipelagic organisms from the neritic and oceanic zones. Common prey items were
the chub mackerel, California pilchard, and jumbo squid. Their diet includes more epipelagic organisms
than the diets of other billfish and larger tunas [1,16,17]. Predators of the striped marlins include great
white sharks, killer whales, and humans [1,5].

Striped marlins reach maturity at 210 cm and 170 cm for females and males, respectively, and have a
growth coefficient of 0.26 yr'%; although, young fish may grow much faster [18-20]. They can potentially
live up to a maximum age of approximately 8 to 9 years and have an estimated natural mortality rate of
0.38 yrt[21,22].
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Skipjack tuna - Katsuwonus pelamis
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Skipjack Tuna (Katsuwonus pelamis)

Overall Climate Vulnerability Rank: [Moderate]. (80% certainty from bootstrap analysis).

Climate Exposure: [Very High]. Three exposure factors contributed to this score: Ocean Acidification
(4.0), Sea Surface Temperature (4.0), and Ocean Oxygen (4.0). Exposure to all three factors occurs
during all life stages.

Biological Sensitivity: [Low]. No sensitivity attributes scored above a 3.0. The highest scores were for
Early Life History and Settlement Requirements (1.7) and Sensitivity to Temperature (2.0).

Distributional Vulnerability Rank: [High]. All four attributes indicated high vulnerability to distribution
shift: adult mobility, limited early life stage dispersal, relatively high habitat specialization, and
sensitivity to temperature.

Data Quality: 93% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distribution:

Katsuwonus pelamis occur in temperatures from approximately 18 °C to 30 °C across a very large
geographic range—at least 40° N to 40° S in the three major oceans [1,2]. The upper temperature
skipjack can inhabit may be size-dependent [1]. The range of skipjack extends south of Africa and
Australia which, along with the knowledge that skipjack often travel great distances, leads to the
conjecture that there is probably genetic connectivity between oceans although there has been
indication of distinct stocks within the Indian Ocean [3]. The tendency of Skipjack to travel long
distances and tolerate a broad range of temperatures suggests that they can relocate to regions with
satisfactory environmental conditions if local conditions become harsh.

As open-ocean pelagic fish that require higher concentrations of dissolved oxygen (3 to 3.5 mL O,/L),
skipjack are potentially vulnerable to warming and stratification which lead to reduced oxygen [1,4,5]. If
open-ocean conditions become unfavorable, skipjack tend to spend more time in nearshore waters
where oxygen is maintained by waves interacting with land masses and where nutrients come to the
ocean via terrestrial runoff.

Life History Synopsis:

For Katsuwonus pelamis, the skipjack tuna, the wide range of temperature tolerance (approximately 15
°C to 30 °C), the potential genetic adaptability through tremendous reproductive output in a short
lifespan (they can spawn 80,000 to 2,000,000 eggs per season), and the large, interconnected
populations distributed across wide latitudinal ranges (at least 40 °N to 40 °S) around the world may
allow this species to adjust to climate change more effectively than many other species [1,2]. Their
adaptability may be favored by their tremendous rate of population production and turnover in the
huge interconnected circumtropical population. They appear to reach sexual maturity by their second
year (approximately 40 to 45 cm) and are estimated to live up to 12 years, but the fish caught are
usually 1 to 4 years old [2,6-8]. Skipjack produce a tremendous biomass that provides major support to
commercial fisheries, recreational fisheries, and natural predators in all three oceans. The estimated
global catch of skipjack in 2009 was 2.5 million tonnes [9]. Over half of all tuna caught globally are
skipjack [9].
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Yellowfin tuna - Thunnus albacares
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Yellowfin Tuna (Thunnus albacares)

Overall Climate Vulnerability Rank: [Moderate]. (80% certainty from bootstrap analysis).

Climate Exposure: [Very High]. Three exposure factors contributed to this score: Ocean Acidification
(4.0), Sea Surface Temperature (4.0), and Ocean Oxygen (4.0). Exposure to all three factors occurs
during all life stages.

Biological Sensitivity: [Low]. No sensitivity attribute scored above a 3.0. The highest score was for Stock
Size/Status (2.2).

Distributional Vulnerability Rank: [Very High]. Three attributes indicated very high vulnerability to
distribution shift: adult mobility, limited early life stage dispersal, and relatively high habitat
specialization. However, sensitivity to temperature was scored as low which may mitigate the
propensity of the species to shift distribution.

Data Quality: 100% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distribution:

Yellowfin tuna (Thunnus albacares) are expected to experience a range shift, especially at the trailing
edge, due to warming from climate change [1]. Shifts of yellowfin tuna will likely then affect fishing
efforts [2]. Their vertical migration may also be impacted by stratification and decreased dissolved
oxygen levels, which would restrict their vertical migration patterns [3,4]. Additionally, ocean
acidification will likely have an impact on adult yellowfin tuna physiology, but further research is needed
to understand the species’ vulnerability [5,6]. Yellowfin tuna larvae will likely be affected by ocean
acidification. As pH decreases, larvae may have increasing kidney, liver, pancreas, eye, and muscle
damage as well as reduced survival [7,8].

Life History Synopsis:

Yellowfin tuna (Thunnus albacares) are circumglobal, highly migratory, and found in tropical and sub-
tropical seas (~45° S—45° N) down to depths of at least 400 m [9,10]. They grow to a maximum fork
length of ~180 cm and can live for 15-18 years [11-14]. T. albacares reach sexual maturity near 98-113
cm in fork length; fish at the smaller end of the spectrum are found near the Philippines and Indonesia
and fish towards the larger sizes found near Hawai‘i [13]. Yellowfin tuna are serial spawners capable of
spawning year round every 1-2 days between sunset and sunrise when surface water is warmer than
21.5 °C but with the majority of spawning taking place in waters 24—30 °C [13,15]. In more temperate
areas, spawning is limited to the warmer summer months (April-October in the northern hemisphere)
with a peak in June—August [13]. Female yellowfin tuna are capable of spawning an average of 2 million
pelagic eggs per spawning (range 0.5-10 million), or 55-68 oocytes per gram of body weight [13,15].
The larvae are predominantly found across the tropical oceans in surface waters of less than 22 °C but
have been found as far north as Hawai‘i [16-19]. Recruitment of yellowfin tuna increases during or right
after El Nifio periods in the eastern tropical Pacific when the surface warm pool is at its greatest extent
[17,20].

Larval development patterns are variable and dependent on temperature, density of larvae, and food

availability, with the duration of egg and yolk-sack stages being inversely proportional to water
temperature [17,21,22]. Post-flexion larvae transition from omnivory to piscivory from 2—3 weeks post
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hatching and growth rates of feeding larvae increase in higher temperatures with an optimal range for
survival between 21-33 °C [21-23].

In the Pacific Ocean, T. albacares are managed as a panmictic population [14,24] but there is some
evidence that there are subpopulations in the central Equatorial Pacific (see references in [25,26]). Adult
yellowfin tuna have long-term core areas of use that rarely exceed 1,000 km in the EPO with very little
exchange between northern and southern areas [19,27,28].

Adult T. albacares diet consists mainly of fishes, crustaceans, and squid, and in the western Pacific, the
ocean anchovy (Encrasicholina punctifer) is a major forage source [9,13]. Juvenile yellowfin tuna spend
the majority of their time in the mixed layer and above the thermocline. However, when foraging on
organisms in the deep scattering layer, adult yellowfin tuna undertake repetitive bounce-diving where
they dive to depths of 200—400 m during the day and can spend up to 50% of their time below the
thermocline [19,29]. T. albacares is sensitive to low oxygen concentrations which limits the depth
distribution [13,30,31].

T. albacares are commercially valuable fish which can get caught in a variety of gear types ranging from
small-scale artisanal fisheries to distant water longline and purse seine fleets [14,24]. T. albacares stocks
are managed by several regional fisheries management organizations (RFMO) that conduct their own
stock assessments and set catch quotas for their region. Global landings have remained stable around
1,000,000 t annually since the 1990s [32]. Heavy fishing over many decades has resulted in an estimated
33% decline in biomass or spawning stock biomass globally between 1998-2008 [9]. T. albacares is listed
as Near Threatened by the IUCN.
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Bigeye tuna - Thunnus obesus
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Bigeye Tuna (Thunnus obesus)

Overall Climate Vulnerability Rank: [Moderate]. (96% certainty from bootstrap analysis).

Climate Exposure: [Very High]. Three exposure factors contributed to this score: Ocean Acidification
(4.0), Sea Surface Temperature (4.0), and Ocean Oxygen (4.0). Exposure to all three factors occurs
during the life stages.

Biological Sensitivity: [Low]. No sensitivity attributes scored above 3.0: Stock Size/Status scored the
highest at 2.0.

Distributional Vulnerability Rank: [Very High]. Three attributes indicated very high vulnerability to
distribution shift: adult mobility, limited early life stage dispersal, and relatively high habitat
specialization.

Data Quality: 93% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distribution:

Bigeye tuna longline fishery may be at risk of increasing natural mortality as temperatures increase in
the tropical regions of the distribution [1,2]. However, reducing fishing may mitigate the consequences
of climate change [1]. Additionally, warmer surface water temperatures due to climate change may lead
to reduced foraging success if bigeye tuna attempt to capture prey at deeper depths [3]. Increasing
temperatures occurring bigeye tuna habitat may also be accompanied by decreasing dissolved oxygen
concentrations [4]. However, bigeye tuna may not be susceptible to these decreases since they can
tolerate relatively low concentrations of dissolved oxygen (0.4-0.5 mL O,/L) [3]. Ocean acidification may
have an impact on adult bigeye tuna’s physiology and reproduction, but research is needed to fully
understand any potential consequences of ocean acidification [5,6]. Bigeye tuna larvae will likely be
affected by ocean acidification. Organ damage and reduced survival may be potential impacts of ocean
acidification [7,8].

Life History Synopsis:

Bigeye tuna are a pelagic highly migratory species that occur in the tropical and subtropical Pacific,
Indian, and Atlantic oceans (45° N-43° S) where they spend most of their time above the thermocline
during the night (0—100 m) and below during the day (300-500 m), in temperatures ranging 13 °C-29 °C
and oxygen levels above 2 mL/L [9-13]. Bigeye reach sexual maturity around 2—4 years of age depending
on region [14,15], and spawning occurs mainly in the tropics (15° N-15° S). Bigeye are serial spawners
with year-round spawning and no strong spawning seasons [16], although increased spawning has been
observed during March—November in the central and eastern Pacific [17] and February—September for
the western Pacific [18]. Female bigeye spawn on average every 2.6 days and release an estimated 2.9-
6.3 million eggs per spawning [14,16,18]. Pacific spawning is thought to be linked to temperature and
takes place in waters warmer than 24 °C with the greatest reproductive potential in the eastern Pacific
[10,18,19-21]. Bigeye spawn pelagic eggs that hatch after ~21-24 hours [22]. The larvae are
predominantly found across the tropical Pacific but have been encountered as far north as 30 °N near
Hawai‘i and along the western Pacific basin [23-25]. Juvenile bigeye tuna show regional fidelity to
seamounts and FADs [26-29] with core areas spanning less than 300 km [12,28]. Adult bigeye feed on
cephalopods, crustaceans, gelatinous organisms, and fish in the deep scattering layer [13,30,31];
juveniles likely have a similar diet. Ontogenetic movement and migration patterns in bigeye tuna are
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unclear but tagging and otolith microchemistry studies suggest that bigeye spawn in equatorial waters,
migrate north as juveniles or sub-adult to feed near islands and seamounts, then migrate back towards
the equator to spawn as mature adults [32,33]. Bigeye live for about 10 years and grow to around 180-
200 cm in the Pacific Ocean but max size varies from region to region [34-36]. Pacific bigeye are
considered one panmictic population, but two Regional Fisheries Management Organizations (RFMO)
managed them as two separate stock; the Inter-American Tropical Tuna Commission (IATTC) manages
bigeye tuna east of 150° W and the Western and Central Pacific Fisheries Commission (WCPFC) manages
bigeye west of 150° W. The WCPFC adopted a new growth function in their 2017 stock assessment
resulting in western and central Pacific (WCP) bigeye tuna not being in an overfished state [37].
However, under the old growth function, WCP bigeye are considered overfished with overfishing taking
place [37,38]. The IATTC’s most recent stock assessment indicates that the eastern Pacific bigeye stock is
not overfished and that overfishing is not taking place [39]. The IUCN red list lists bigeye tuna as
Vulnerable with Atlantic and Indian Ocean stocks considered Fully Exploited, and the EPO and WCPO
stocks considered Over-exploited [10,40].
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